Withania somnifera recently categorized as threatened plant of Rajasthan and known for its high medicinal value has been studied for existing genetic variations in four accessions collected from four different locations. From the present studies it is apparent that the gametic number of W. somnifera is n = 24 and 2n = 48. From the combined information generated by present author and earlier workers, it is tentatively believed that W. somnifera might be of allopolyploid origin with basic number of x = 12. In this case also precocious separation of rod bivalents but not structural hetrozygosity might be the reason for occurrence of univalents. From the detailed meiotic analysis, it is concluded that the species diversification is brought out by polyploidy in W. somnifera. Multidisciplinary approach for genome diagnostics with use of various marker systems might through more light on existing intra-specific genetic variation in W. somnifera.
Introduction
Withania somnifera (L.) Dunal. belonging to family Solanaceae and commonly known as "Ashwagandha" or "Asgandh" is considered a wonder herb having assorted Ayurvedic, Unani and indigenous medicinal properties [1] . "Ashwaganda" roots are compared with ginseng roots for their restorative properties of vigor and vitality, hence been given the name "Indian ginseng" [1, 2] . The whole plant, specially the leaves and the root bark are abortifacient, adaptogen, antibiotic, aphrodisiac, deobstruent, diuretic, narcotic, strongly sedative and tonic [3, 4] . The fruit and seeds are diuretic while latter are hypotonic too [4] . The roots of W. somnifera contain bioactive compounds with sedative, anti-inflammatory, anti-tumour, antibacterial and anti-spasmodic properties [2] . W. somnifera acts mainly on the reproductive and nervous systems having a rejuvenative effect on the body and is used to improve vitality and aid recovery after chronic illness [5] .
In India, the plant grows widely in drier areas in the sub-tropical and semi-temperate regions from plains to a height of 1700 m [2] . The plant is mainly propagated by seeds [3, 6] . Its introduction, distribution, taxonomy and medicinal importance were studied by many authors [3, 6, 7] . Significant levels of genotypic and phenotypic variation, especially between the wild and cultivated morphotypes are also reported [8] [9] [10] [11] . Variation with respect to growth habit, chemical profiling and sequence divergence using nrITS region of rDNA are recently published [1] . Earlier, Negi et al. [12] grouped the Indian germplasm into Nagori and Kashmiri groups based on AFLP dataset. The reported chromosome numbers for W. somnifera are 24, 48 and 72. Mohan Ram and Kamini [13] had reported 2n = 24 while 2n = 48 was reported by many authors [1, 2, 5, 11, [14] [15] [16] . Bir and Neelam [17] reported 2n = 72 presumably a polyploid number reported for this species. In view of such contradictory reports, the present investigation was conducted in W. somnifera accessions with sole objective to comprehend chromosome behavior during meiosis.
Materials and Methods
For locating populations of this species extensive field trips were conducted in various districts of Rajasthan. The particular plants were marked and labeled properly before collecting materials for study. For meiotic studies flower buds were used as basic material. Herbarium specimens along with phenotypic data of all the collected plants have been prepared and deposited in local herbaria of Botanical Survey of India, Jodhpur to obtain accession numbers.
Flower buds of appropriate size were collected from mandate mature plants and fixed in freshly prepared 1:3 glacial acetic acid: 95% ethanol mixture for a minimum 24 hours at room temperature and later stored in 70% ethanol at 10˚C. Anthers were squashed in 1% acetocarmine solution for meiotic studies. On average 25 PMCs were analyzed at diplotene/diakinesis/metaphase I. Pollen grains were stained in 1:1 glycerine:acetocarmine mixtures for estimating the percentage pollen stainability and on average 10 slides were scored for stainable pollen grains.
Results and Discussion
Four accessions of Withania somnifera from different locations belonging to family Solanaceae have been studied presently and illustrated in Table 1 and Figure  1 (a)-(i). All these four were characterized by the gametic number of n = 24 ( Figure 1) . It was interesting to note that in two accessions Withania somnifera BSJO-26497 "A" and Withania somnifera BSJO-26497 "B", of few cells with quadrivalent associations were recorded (Figures 1(a) and (b) ) while the other two accessions were In three accessions (A, B, C) most of the PMCs analyzed had shown a mixture of both the bivalents and univalents, while some of them had shown the presence of only bivalents. In remaining fourth accession (D) the majority of PMCs had shown presence of only bivalents, while some PMCs had shown the mixture of both the bivalents and univalents. The mean value of total bivalents is ranged between 21.10 and 23.0. Out of total bivalents the mean value of ring bivalents was ranged from 11.52 to 15.32 and of rod bivalents was ranged from 5.90 to 11.10 ( Table 1) .
The four different accessions of Withania somnifera were characteristics in having univalents with a mean value ranging from 2.00 -5.40. Structural heterozygosity in bivalents rather than precautious separation of rod bivalents might be responsible for regular occurrence of univalents in the PMCs analyzed. A salient feature observed in the present investigation is that one bivalent was found consistently being associated with nucleolus during diakinesis/prometaphase I, this is indicative of nucleolar nature of bivalents. Such information through association analysis of bivalents were reported in an important medicinally important desert plant i.e. Dipcadi erythraeum recently, which is also an amphidiploids origin as revealed by cytogenetical investigation recently [18] . However, in the absence of karyological data it is difficult to confirm the apparent amphidiploids origin of the species.
The number of chiasmata per PMC ranged from 24 to 47 with a mean chiasmata value of 33.44 to 38.32 indifferent accessions. The mean value of chiasma terminalized also ranged between 28.56 and 35.64 to give rise terminalization coefficient value of about 0.85 to 0.93. The unterminalized chiasmata were ranged from 2.68 to 5.25. Generally 2 -3 chiasmata were recorded and apparently the chiasmata were localized at distal region. The smaller size of the bivalents with availability of short segments for recombination may be the possible reason [6, 19] for the varying degree of chiasma frequency. Similar observations were reported in case of certain crop plants like Eleusine [20] [21] , Vigna [22] , Crotalaria [23] , and hard wood tree species viz. Anogeissus, Salvadora, Capparis [24] [25] [26] .
The distribution of chromosomes and chromatids at anaphase I and II was found to be regular with equal distribution in majority of the PMCs. Although presence of lagging univalents and bivalents was encountered in three out of four accessions studied presently, however, their number never exceeded more than 15 percent of the total PMCs analyzed. The percentage pollen stainability was ranged between 83.61 and 92.54. It suggests that the univalents encountered regularly at diakinesis/metaphase-I might be the reason for occurrence of laggards. However, they do not directly affect the viability of gametes and/or fertility [27, 28] of the concerned taxon. From the perusal of literature it is apparent that the two species of Withania reported from India, W. somnifera and W. coagulans are polyploid derivatives with basic number x = 12. Such trends of polyploidy are noticeable in various genera belonging to Solanaceae for example Solanum tuberosum [12, 19, 21, 29, 31, 32] , Solanum trilobatum [13, 15] and Solanum nigrum [33, 34] are the classical examples of polyploidy, though the exact nature of polyploidy (autopolyploidy/allopolyploidy/segmental allopolyploidy) is at variance. Therefore it is concluded that the speciation and species diversification in the genus Withania somnifera was mainly brought out by polyploidy.
Unfortunately not many details on either quantification or molecular composition of 2C/4C DNA are available for the genus Withania. Recently several workers [1, 2] have assessed the genetic variation and intra-specific relationships and within Withania somnifera using highly defined molecular markers i.e. AFLPs, nrITS region of rDNA. They could able to clearly distinguish Withania somnifera from Withania coagulans and suggested the multidisciplinary approaches should be tried in order to resolve the ambiguities persist at taxonomic as well as genomic levels in this important medicinal herb. Recently, single primer amplification reaction (SPAR) methods have proved their utility to provide novel insight in genetic variation at inter-and intra specific levels in various plant taxa including desert trees [35, 36] . However, most appropriate and authentic approach to determine the nature of polyploidy in case if Withania somnifera would be the most convincing genomic in-situ hybridization (GISH) technique as demonstrated by Raina and Mukai [37] in Aracis hypogaea to reveal the amphidiploids nature.
